Rice leaf blast disease incidence was investigated in mixed plantings of susceptible and resistant rice cultivars in the nursery and paddy field. In the blast nursery experiment, increase of rice leaf blast disease could be described by the equation dx/dt=rx(1-x), where x is the proportion of diseased area per plant of susceptible cultivar, t is the time in days and r is the apparent infection rate. The r value in mixed plantings of susceptible and resistant cultivars(rm) was in accordance with the equation rm=rs+clogem, where rs is r in single planting of susceptible cultivar, m is the proportion of susceptible cultivar in mixed plantings and c is a constant.
Introduction
There are many reports of the breakdown of blast disease resistance of new rice cultivars by new races of the rice blast fungus, Pyricularia oryzae Cav.14). In Japan, Kiyosawa estimated that the effective longevity of rice cultivars with various resistance genes for rice blast disease is less than 3 years11).
Okabe and Yokoo proposed the use of multiline cultivars to prevent the breakdown of rice blast disease resistance18, 23) . The concept of multiline cultivars for disease control in self-pollinated crops was first proposed by Jensen in oats and Borlaug in wheat23 
Results

Blast nursery experiment
Four different models were applied to the rice blast disease progress curve of Norin 29 in each plot. The logistic model by van der Plank21), dx/dt=rx (1-x) , where x is the proportion of diseased area per plant of susceptible cultivar, t is the time in days and r is the apparent infection rate, best described the disease progress, as compared to the exponential, monomolecular and Gompertz models. The mean of 30 coefficients of determination in the experiment was highest in the logistic model, with a value of 0.941. The apparent infection rate(r) and initial inoculum(Xo) of disease progress in each plot of Norin 29 were calculated by using of the equation of van der Plank21) by simple linear regression, and variance analyses were performed on the calculated logit (Xo) and r. The initial inoculum (Xo) was determined by extrapolating the logic-line of lesion percentage on day 0, one day before the primary day of disease appearance (t=1) in plots. Significant differences in the logit(Xo) for the treatments were not obtained, but differences of r between treatments were significant at the 1% level. Means of r in each treatment were compared by using Duncan's multiple range test. The r value decreased proportionately as the ratio of resistant to susceptible cultivar increased. Reductions of r in mixed plantings of Norin 29 and Toride 1 in proportions of 3:1, 1:1 and 1:3, respectively were equal to that of the single planting of Norin 29 treated with IBP. Reductions of r in mixed plantings with less than 25% Norin 29 were larger than in plots treated with IBP, when compared to single planting of Norin 29. The greatest reduction in r was for Norin 29 treated with fthalide ( Table 1) .
The relationship between r in mixed plantings and proportion of the two cultivars is shown in Fig. 2 . The r values of Norin 29 were proportional to the logarithm of the proportion of Norin 29 in the mixed plantings.
Using the equation rm=rs+clogem as
proposed by Leonard15), where rm is r in mixed plantings, rs is r in single planting of susceptible cultivar, m is the proportion of susceptible cultivar in mixed plantings and c is a constant, was obtained in the experiment, c=0.043 and R2=0.953 which was significant at the 1% level.
As the ratio of Norin 29 decreased, the proportion of diseased area per plant of Norin 29 decreased.
Reduction of this value in mixed plantings of less than 25% Norin 29 was larger than that in the plot treated with IBP (Table 1) . No blast disease was found in the plot of 100% Toride 1.
Paddy field experiment Leaf blast disease gradient from inoculum source in each plot fitted Gregory's model8), log10y=A+Blog10x, where y is the number of acute-type lesions per hill in Norin 29, x is the number of hills from inoculum source, and both A and B are parameters.
The mean of 40 coefficients of determination was 0.918. No statistically significant differences were found among A values of each plot at each investigated date, but differences were found among means of A values of each investigated date by variance analyses (Table 2 ). Duncan's multiple range test at P=0.05 indicated that differences of means of A values on each investigated date were not evident until August 5, and these means became smaller as time passed.
In the case of the B value, statistically significant differences were found among plots on August 19, means of five investigated dates of each treatment, and means of four treatments of each date, by variance analyses. The B value increased with both increasing ratio of Norm 29 in the mixture and time in days ( Table 2 ). The results indicated that decreasing the ratio of Normn 29 in the mixture suppressed infection of leaf blast disease in the plots. There was no acute-type lesion on Fukunishiki.
To compare leaf blast increase of each plot, the total number of acute-type lesions in each plot was calculated by using Gregory's equation applied to both the A and B values of each plot. The recalculated total number of acute-type lesions was obtained by dividing the presumed total number of acute-type lesions by the ratio of the susceptible cultivar in the mixture in each plot. The recalculated number of lesions is the supposed total number of acute-type lesions in each plot when the resistant cultivar was replaced by the susceptible cultivar.
Using the recalculated number of lesions, the effect of mixed plantings can be directly compared with the result in the single planting of the susceptible cultivar.
Infection rates between each range of examined time were calculated by the equation r=(logey2-logey1)/(t2-t1), where t2 and t1 are the time in days at the second and the first examinations in each period, respectively, and y2 and y1 are the recalculated total number of acute-type lesions in each plot at t2 and t1, respectively. Variance analyses were carried out on the recalculated total number of acute -type lesions and infection rates . Statistically significant differences were found between the recalculated values of the respective plots on and after August 19. Duncan's multiple range test at P=0.05 indicated that the values of mixed plantings were smaller than those of single plantings of the susceptible cultivar on the same days. There were no statistically significant differences of the values among mixed plantings (Fig.   3 ). In infection rates, significant differences between treatments were not obtained in each examined period, but the relationship between the r values and mixing proportion, m of respective plots in each period approximated the equation rm=rs+clogem (Fig.  4) . 
Discussion
In the blast nursery experiment, there were no differences among logit values of initial inoculum of van der Plank's model21) on susceptible cultivar in each plot. In the paddy field experiment, disease gradient from inoculum source in each plot fitted the Gregory's model8). Differences of A and B among treatments were not obtained on hills In the paddy field experiment, the recalculated total numbers of acute-type lesions in mixed plantings, which were calculated in order to compare disease increase among treatments directly, were smaller than that of the single planting of susceptible cultivar, but there were no statistically significant differences of r values among treatments in each examined period. Two reasons for these results were considered. The first is the effect of infections from inoculum sources.
If conidia of the blast fungus were deposited on resistant plants, the conidia could not reproduce on these plants, and therefore could not become new inoculum sources.
It is supposed that a mechanism of repressive effect of leaf blast development in mixed plantings of susceptible and resistant plants compared to the development in single plantings of susceptible plants is a repetition of this phenomenon10). The more repetitions of this phenomenon occur in plots, the larger are the differences in the amount of disease between single plantings and mixed plantings.
In the experiment, an area of infected seedlings was placed in the center of each plot as an inoculum source. Under this condition, the period of infection from the inoculum source to surrounding plants was long because infected seedlings did not wither rapidly. Repeated spread of conidia from inoculum sources to surrounding plants masked the above-mentioned phenomenon. The second is the self-infection17) on a hill of susceptible cultivar.
In the paddy field, rice plants were planted in hills separated from each other by 22 .7cm, whereas in the nursery experiments, seeds were mixed and sown uniformly across the plots. This condition was favorable for self-infection to occur on hills of the susceptible cultivar, influenced by spatial distributions of both inoculum sources of the disease and susceptible organs on the same hill9,13). The effect of mixed plantings was not fully exhibited because of these reasons.
The experiments showed that mixed plantings of susceptible and resistant rice cultivars reduced the amount of initial inoculum and repressed the development of rice leaf blast disease.
These results resemble the effects of crown rust on oat multiline cul-tivar2) and of leaf rust on wheat multiline cultivar16 
